Forty-three strains of Yersinia enterocolitica isolated from children with gastroenteritis and 18 laboratory strains were examined for enterotoxin production by using the infant mouse, Y1 adrenal cell, and rabbit ileal loop assay systems. All clinical isolates and seven laboratory strains were found enterotoxigenic in the infant mouse model, but none of the strains produced toxin in the Y1 adrenal cell system. One enterotoxin-producing strain was also tested by the rabbit ileal loop assay, confirming the results of the infant mouse assay. The enterotoxin was heat-stable and as active in the 6-h rabbit ileal loop as in the 18-h assay, suggesting a similarity to the heat-stable enterotoxin of Escherichia coli.
Yersinia enterocolitica infections in humans have been recognized with increasing frequency in recent years. Gastroenteritis is the most common clinical association, particularly in young children (6, 10) . Pseudoappendicitis (9) , nonsuppurative arthritis (21) , septicemia (12, 18) , and suppurative infections (15) 12 ,000 x g for 10 min. The supernatant fluids were filtered through Gelman filters (pore size, 0.45,m) and assayed immediately for enterotoxigenic activity or stored at 4°C for toxin assay within 3 days or at -20°C for longer storage (up to 10 days). Under these conditions, no loss of enterotoxigenic activity was observed. Culture filtrates of E. coli strains were prepared in the same way, except that incubation was at 370C for 24 h.
Enterotoxin assay. Enterotoxin activity of culture filtrates was assayed by using infant mouse (5, 13) , rabbit ileal loop (7), and Y1 adrenal cell (14) Invasiveness assay. The ability of Y. enterocolitica to invade guinea pig eyes was tested by using the ,method described by Ser6ny (16) . A drop of the suspension containing 5 x 109 cells per ml was inoculated into guinea pig conjunctivae, and the animals were observed daily for 7 days for evidence of keratoconjunctivitis. Two guinea pigs were tested for each specimen. E. coli and HS were also tested in each experiment as positive and negative controls, respectively. The (Fig. 1) . Fifty positive cultures had a ratio of (intestinal weight)/(remaining body weight) of -0.10 (0.142 ± 0.018), and 11 negative cultures had a ratio of s0.07 (0.062 ± 0.002). The positive values were well above 0.083, that accepted as a minimum positive value for E. coli heat-stable enterotoxin (13) . No enterotoxigenic activity was demonstrable in Y1 adrenal cell assay. Strain MCH 9033, which was positive in the infant mouse assay, was also positive in the 6-and 18-h rabbit ileal loop assay ( Table 1 ). The enterotoxin activity was heat stable. The results suggested that the enterotoxin of Y. enterocolitica might be similar to the heat-stable toxin of E. coli (7, 11) .
Effect of growth temperature on enterotoxin production. When cultures were incubated at 370C, none of the strains produced enterotoxin. The effect of growth temperature on enterotoxin production was further investigated by growing Y. enterocolitica MCH 9033 at various temperatures (Table 2) . Enterotoxin activity was demonstrable only when organisms were grown at 300C or below, with the highest activity at 260C. Since the amount of growth obtained under these conditions was also inversely related to the growth temperatures, the concentration of enterotoxin in culture filtrates seemed related to the amount of cell growth rather than to growth temperature per se. A number of complex media was used to grow the organisms at 320C or higher. At these temperatures, none of the media used allowed the organisms to grow to an optical density of 3.5 or greater, even after a prolonged incubation period. All of the culture filtrates were again neg- Values expressed in the ratios of (intestine weight)/(remaining body weight) were the averages of two to three assays, using three mice per specimen in each assay. Values for control strains of E. coli were 0.149 for TD 213-C5 (heat-stable enterotoxin) and 0.059 for 185 (non-enterotoxigenic). Serotypes. No conclusion could be made regarding the relationship of enterotoxicity and serotypes, since only a few strains of Y. enterocolitica that belonged to those other than serotype 0:3 were tested in this study. However, although all of the 43 MCH strains were enterotoxigenic and belonged to 0:3, only 2 of the 10 nontypable strains tested were found to be positive for enterotoxin. Five rhamnose-positive strains that were included among the nontypable strains were all negative for enterotoxin.
Invasiveness. 
DISCUSSION
The evidence presented in this paper indicates that the majority of Y. enterocolitica was capable of producing enterotoxin. The characteristics of this enterotoxin were similar to those of heatstable enterotoxin of E. coli (7, 11) : (i) it was active in the infant mouse and rabbit ileal loop systems, but not in the Y1 adrenal cell assay; (ii) it was stable at 100'C for 15 min; and (iii) it was as active in the 6-h rabbit ileal loop assay as in the 18-h assay. However, in contrast to the finding that only 2 of more than 1,200 isolates of E. coli from children with gastroenteritis seen at the Montreal Children's Hospital were enterotoxigenic (C. H. Pai and V. Mors, unpublished data), all of the clinical isolates of Y. enterocolitica tested in this study were enterotoxigenic. It is tempting to speculate that enterotoxin production in Y. enterocolitica may be controlled by chromosomal gene(s) as in Vibrio cholerae (8) . Further studies on genetic and biochemical characteristics of enterotoxin production in Y. enterocolitica are in progress.
It was of interest that, although all of the clinical isolates (all were of serotype 0:3) were enterotoxigenic, only 2 of the 10 nontypable strains tested in this study were found toxigenic. Furthermore, five biochemically atypical strains (rhamnose positive) of this nontypable group were also negative for enterotoxin. In the provinces of Ontario and Queb6c, the large majority of Y. enterocolitica isolated from human sources belong to serotype 0:3 (19) , and nontypable strains are recovered frequently from environmental sources. For example, a monthly report 1977) from the National Reference Laboratory ratory for Yersinia, Toronto, Ontario, showed that of 21 Y. enterocolitica strains isolated from human sources in Canada, 18 belonged to serotype 0:3 and only 2 were nontypable, whereas were nontypable and none belonged to serotype 0:3. In view of the uncertainty regarding the taxonomic status of these biochemically and serologically atypical strains of Y. enterocolitica (2, 3) , studies on the prevalence and frequency of enterotoxin production among atypical strains may be justified.
Enterotoxin production by Y. enterocolitica was demonstrable only when the organisms were grown at 30'C or below. The comparison of cell concentrations and the amount of toxin produced in cultures incubated at various temperatures (Table 2) suggests that the growth of these organisms was favored at the lower temperatures, resulting in the accumulation of enterotoxins in culture supernatant fluids to a level detectable by the available assay techniques. On the other hand, Carter and Collins (4) reported that the growth of a Y. enterocolitica strain in intravenously infected mice depended upon the temperature at which the challenge inoculum had been grown in vitro. Organisms cultured at 250C were cleared from the blood at a slower rate and were more resistant to intracellular killing, as compared to those grown at 370C. Temperature-dependent characteristics of Yersinia include fermentative capability, motility, and growth potential on various media (17) . In consideration of the pathogenesis of diarrheal diseases due to Y. enterocolitica, one would have to ask whether the enterotoxins produced by these organisms in vitro were also produced in vivo, where temperature would be close to-37°C. An animal model is required to study the role of enterotoxin and the mechanism by which Y. enterocolitica causes diarrhea. Enterotoxin production in vivo by E. coli has been demonstrated in experimentally infected animals (20) .
